Computational methods for studying oligo-and polysaccharide conformations I g o r T v a r o i k a I n s t i t u t e o f C h e m i s t r y , C e n t e r o f Chemical Research o f t h e Slovak Academy o f Sciences, 842 38 B r a t i s l a v a , Czechoslovakia.
INTRODUCTION

Saccharides a r e u b i q u i t o u s i n n a t u r e . They o c c u r i n a l l l i f e forms and, because o f t h e i r unusual p r o p e r t i e s t h e y p r e s e n t a unique source o f chemicals. Saccharides o f l i v i n g organisms p e r f o r m a v e r y b r o a d b i o l o g i c a l r o l e ( r e f . 1-3) t h e y f u n c t i o n a s s t r u c t u r a l m a t e r i a l s , ener y r e s e r v e s , and c e r t a i n a t h o g e n i c species; t h e y s p e c i f y human b l o o d t y p e s and a r e i n t i m a t e f y i n v o l v e d i n t h e immunochemistry o f b l o o d ; t h e y d e t e r m i n e c e l l -c e l l r e c o g n i t i o n and adhesion; t h e y f u n c t i o n as r e c e p t o r s i n t h e a n t i g e n -s t i m u l a t e d lymphocyte a n t i b o d y responce, and t h e y have an i m p o r t a n t r o l e i n cancer p a t h o l o g y . Evidence has accumulated t h a t t h e shape ( c o n f o r m a t i o n ) o f s a c c h a r i d e s d e t e r m i n e t h e b i o l o g i c a l f u n c t i o n o f these compounds ( r e f . 3 ) .
I n t h e p a s t two decades t h e a c c u m u l a t i o n o f a l a r g e body o f s t r u c t u r a l d a t a based on p o w e r f u l c r y s t a l l o g r a p h i c methods o f X-ray and n e u t r o n d i f f r a c t i o n has r e v e a l e d c o n s i s t e n t t r e n d s i n bonding and c h e m i c a l c o n n e c t i v i t o f s o l i d i n t h e development o f e x p e r i m e n t a l t o o l s , needed t o s t u d y t h e c o n f o r m a t i o n a l c o m p l e x i t i e s o f s a c c h a r i d e s i n s o l u t i o n , i n p a r t i c u l a r h i g h -r e s o l u t i o n N M R spectroscopy ( r e f . 5). A s i m i l a r r e v o l u t i o n has t a k e n p l a c e i n t h e c o m p u t a t i o n a l methods f o r modeling t h e shape o f s a c c h a r i d e s ( r e f . 6). T h i s paper a t t e m p t s t o s u r v e y t h e p r o g r e s s i n t h e c o m p u t a t i o n a l methods f o r s t u d y i n g o l i g o -and p o l y s a c c h a r i d e conformations. I t i s n o t o u r i n t e n t i o n t o c o v e r a l l papers which l i e w i t h i n scope o f t h i s review. Our a i m i s r a t h e r t o a n a l y z e t h e p r e s e n t s t a t e o f a r t o f c o n f o r m a t i o n a l a n a l y s i s o f saccharides. The f i r s t p a r t o f t h i s paper s e t s o u t t h e e n e r g e t i c framework i n which we w i l l operate. T h i s i s f o l l o w e d by a d e s c r i p t i o n o f t h e methods, and s t r a t e g i e s used t o c a l c u l a t e t h e e n e r g i e s o f t h e i s o l a t e d molecules and t h e e f f e c t o f t h e environment, p a r t i c u l a r l y f r e e energy o f s o l v a t i o n . F i n a l l y , some examples w i l l be g i v e n t o i l l u s t r a t e how these methods can be used t o e s t i m a t e d i l u t e s o l u t i o n p r o p e r t i e s o f saccharides. adhesives; t h e y appear t o be e s s e n t i a l i n t h e p r o c e s s o f i n 9 e c t i o n by s t a t e s t r u c t u r e o f s a c c h a r i d e s ( r e f . 4). S i g n i f i c a n t p r o g r e s s has g een made
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F o r t h r e e -d i m e n s i o n a l s t r u c t u r e t h e n a t u r a l q u e s t i o n s which a r i s e a r e whether t h e r e l a t i v e l y m i n o r changes i n t h e c h e m i c a l s t r u c t u r e produce m e a n i n g f u l changes i n c o n f o r m a t i o n and, i f so, whether t h e environment ( c r s t a l l i n e , s o l u t i o n o r p r o t e i n ) p l a y s a r o l e i n b r i n g i n g about and s t a g i l i z i n g these changes. To address these q u e s t i o n s , i t 
i s i m p o r t a n t t o f i n d t h e a m m t o f energy r e q u i r e d t o a l t e r t h e v a r i o u s g e o m e t r i c a l parameters w i t h i n a molecule.
Molecular energetics
M o I e c u l a r shape i s d e f i n e d by t h r e e d i f f e r e n t t y p e s o f m o l e c u l a r parameters: bond l e n g t h s , bond a n g l e s and t o r s i o n angles. V a r i a t i o n s i n t h e m o l e c u l a r geometry o f a m o l e c u l e a r e then v e r y s i m p l y d e f i n e as changes i n t h e s e parameters: bond s
t r e t c h i n g o r compression, bond bending o r d e f o r m a t i o n and bond t w i s t i n g o r t o r s i o n . T y p i c a l f o r c e c o n s t a n t f o r bond s t r e t c h i n g ( i n
mdyn/A) a r e 4. 4 f o r t h e s i n g l e C-C bond and 5. 36 f o r s i n g l e C-0 bond ( r e f . 7) Assuming a Hooke *s l a w dependence t h i s t r a n s l a t e s t o a p p r o x i m a t e l y 1450 kJ/molA2, so t h a t t h e d i s t o r t i o n o f a s i n g l e bond o f o n l y 0.03A would c o s t about 1.2 kJ/mol. Bond a n g l e bending i s l e s s expensive and a n g u l a r d i s t o r s i o n o f about 10' i n v o l v e s t h e same amount o f energy as t h e d i s t o r t i o n o f a s i n g l e bond by about 0,05A. T o r s i o n a l changes i n v o l v e t h e r o t a t i o n about t h e bond a x i s ; t h e b a r r i e r t o r o t a t i o n about t h e s i n g l e C-C bond i s about 11.6 IcJ/mol, which i s a p p r o x i m a t e l y t h e d i f f e r e n c e between t h e staggered and e c l i p s e d c o n f o r m a t i o n s . The b a r r i e r t o r o t a t i o n o f t h e m e t h o x y l group i n dimethox methane i s a p p r o x i m a t e 1 3. 8 kJ/mol ( r e f . 7):
Thus, a s a r u l e o f thumb, gond s t r e t c h i n g i s r o u g h l y two o r d e r s o f magnitude more expensive e n e r e t i c a l l y than r o t a t i o n s about s i n g l e bond, w i t h bond a n g l e d e f o r m a t i o n s 3 a l l i n g i n t h e i n t e r m e d i a t e range,
Intermolecular interactions and molecular geometry
I n c r y s t a l s , i n s o l u t i o n o r a t r e c e p t o r s i t e s one i s d e a l i n g p o t e n t i a l l y w i t h a v a r i e t y o f i n t e r m o l e c u l a r i n t e r a c t i o n s , and most o f them a r e q u i t e weak compared t o those i n v o l v e d i n c h e m i c a l bonding. A c r y s t a l s t r u c t u r e corresponds t o a f r e e energy minimum which i s n o t n e c e s s a r i l y t h e g l o b a l c o n f o r m a t i o n a l minimum. I n any s i t u a t i o n o f t h i s t y p e t h e minimum i n t h e p o t e n t i a l energy r e p r e s e n t s a b a l a n c e between t h e a t t r a c t i v e and r e p u l s i o n i n t e r a c t i o n s t o be d i s c u s s e d subsequently. The nomenclature o f these i n t e r a c t i o n s i s v a r i e d and terms a r e n o t always c l e a r l y d e f i n e d o r d i s t i n q u i s h e d from one a n o t h e r . G e n e r a l l y , t h e y f a l l i n t o t h r e e c l a s s e s : non-bonded, e l e c t r o s t a t i c , and hydrogen bonding. The l i n e s o f d i s t i n c t i o n between t h e s e c l a s s e s a r e n o t always p a r t i c u l a r l y sharp. The i n t e r m o l e c u l a r i n t e r a c t i o n s between a c a r b o h y d r a t e and s o l v e n t o r p r o t e i n molecules compete w i t h i n t r a m o l e c u l a r f o r c e s i n t h e s u b t l e e q u i l i b r i u m which i s r e s p o n s i b l e f o r t h e dynamical e q u i l i b r i u m o f s e v e r a l i n t e r c o n v e rt i n g con formers .
The i n t e r m o l e c u l a r i n t e r a c t i o n s a l l f a l l on t h e low end o f t h e s c a l e o f e n e r g i e s r e q u i r e d t o b r i n g about d i s t o r t i o n s o f n o l e c u l a r geometry. T h i s a l r e a d y suggests t h a t i f t h e environment has any i n f l u e n c e on t h e m o l e c u l a r g e o m e t r i c parameters then those most l i k e l y t o be a f f e c t e d w i l l be t h e t o r s i o n a n g l e s around s i n g l e bonds r a t h e r t h e n d i s t o r s i o n s i n bond a n g l e s o r bond l e n g t h s which r e q u i r e s u b s t a n t i a l l y l a r e r e n e r g i e s t o b r i n g about s i n i f i c a n t changes. However, t h e a n a l y s i s 07 a l a r g e body o f s t r u c t u r a l i n j o r m a t i o n c o n c e r n i n g t h e d e t a i l e d geometry o f a c e t a l and h e m i a c e t a l m o i e t i e s i n s a c c h a r i d e s e s t a b l i s h e d ( r e f . 9) t h a t t h e r e a r e c h a r a c t e r i s t i c p a t t e r n s o f bond l e n g t h s and bond a n g l e s a s s o c i a t e d w i t h p a r t i c u l a r t o r s i o n angles. T h i s c o u p l i n g r e p r e s e n t s a m a n i f e s t a t i o n o f t h e anomeric and exo-anomeric e f f e c t s . Thus, we a r e concerned w i t h t h e g e n e r a l problem o f t h e i n t e r p l a between i n t e r m o l e c u l a r f o r c e s and m o l e c u l a r geometry. Amylose p o l y m o r p i s ( r e f . 1 0 ) a s w e l l a s c r y s t a l s t r u c t u r e s o f l i n e a r and c y c l i c m a l t o d e x t r i n s ( r e f . 11) may s e r v e t o demonstrate d i f f e r e n c e s due t o changes i n a s m a l l number o f g e o m e t r i c a l parameters. S i n c e t h e e f f e c t s a r e c u m u l a t i v e t h e y l e a d t o s i g n i f i c a n t changes i n o v e r a l l shape o f t h e molecule.
METHODS AND STRATEGIES FOR COMPUTING CONFORMATIONAL PROPERTIES
I n s t u d y i n g a s a c c h a r i d e shape, one i s s e e k i n g t h e answers t o t h r e e b a s i c q u e s t i o n s : To answer these q u e s t i o n s , a t y p i c a l study would c o n s i s t of a l l o r some of t h e following s t e p s : 1, Determination of the c r y s t a l structure t o o b t a i n t h e geometrical 2. Determination of t h e e x i s t e n c e of d i f f e r e n t conformations by t h e 3, Determination of d i f f e r e n c e s i n energy among t h e d i f f e r e n t 4. Determination of d i f f e r e n c e s i n energy among t h e molecular parameters. a p p r o p r i a t e p h y s i c a l measurements. molecular con format i o n s by a p p r o p r i a t e computational methods.
conformations from one environment t o a n o t h e r by a p p r o p r i a t e computational methods.
We s t a r t w i t h a few n o t e s on two f i r s t s t e p s and than proceed w i t h a s h o r t o u t l i n e and d i s c u s s i o n of computational methods t o i n d i c a t e very b r i e f l y t h e k i n d s of t o o l s and techniques which can be a p p l i e d t o conformational s t u d i e s of oligo-and polysaccharides.
Although t h e c r y s t a l s t r u c t u r e a n a l y s e s a r e g e n e r a l l y r o u t i n e , o b t a i n i n g a s i n g l e c r y s t a l of s u i t a b l e u a l i t y may be a s e r i o u s problem f o r more complex s a c c h a r i d e s . I n f a c t t h e d i q f r a c t i o n a n a l -i s i s of any c r y s t a l l i n e polymer i s not approached i n t h e same manner a s a c l a s s i c a l s i n g l e c r y s t a l a n a l y s i s . Because of a r e l a t i v e p a u c i t y of d i f f r a c t i o n d a t a , t h e methods where atom p o s i t i o n s a r e determined d i r e c t l y from i n t e n s i t y d a t a a r e not a p p l i c a b l e . Rather, a model a n a l y s i s technique m u s t be u s e d i n which, f i r s t I a s u i t a b l e i n i t i a l model of t h e s t r u c t u r e i s e s t a b l i s h e d , followed by i t s i t e r a t i v e refinement i n w h i c h d i f f e r e n c e s between experimental and d i f f r a c t i o n i n t e n s i t i e s and those c a l c u l a t e d from t h e model a r e minimized by s u i t a b l y v a r y i n t h e model ( r e f . 12,13), The modeling procedure used t o e s t a b l i s h t h e i n i t i a ! model i s based on stereochemical c o n s t r a i n t s and a determination of t h e d i f f e r e n c e s i n energy among t h e d i f f e r e n t molecular conformations i n t h e d i f f e r e n t c r y s t a l structures. Recent developments i n s o l i d s t a t e NPlR spectroscopy p a r t i c u l a r l y t h e crossed p o l a r i z a t i o n magic a n g l e spinning technique i n d i c a t e t h a t t h i s could be a very powerful and s e n s i t i v e probe of s o l i d s t a t e molecular conformation and environments f o r s a c c h a r i d e s ( r e f .
14,15).
Although X-ray and neutron d i f f r a c t i o n s a r e powerful techniques, t h e high-resolution NMR spectroscopy h a s become t h e most v a l u a b l e p h y s i c a l t o o l f o r studying conformations of s a c c h a r i d e s ( r e f . 5,16-19) p a r t i c u l a r l y i n s o l u t i o n . Chemical s h i f t s , coupling c o n s t a n t s , NOE'S and r e l a x a t i o n r a t e s c o n t a i n d e t a i l e d i n f o rmat i o n about con formational s t r u c t u r e of s a c c h a r i d e s i n s o l u t i o n . However, d u e t o the f l e x i b i l i t y of s a c c h a r i d e s , experimentally observed parameters m i g h t correspond t o a dynamical average of s e v e r a l conformers. The e x i s t e n c e of s e v e r a l conformers i n s o l u t i o n of v a r i o u s d i s a c c h a r i d e s was a l r e a d y c l e a r l y seen i n o p t i c a l r o t a t i o n experiment ( r e f . 20) , Since t h e experimental v a l u e s a r e avera ed v a l u e s , t h e i r i n t e r p r e t a t i o n r e q u i r e s t h e knowledge of a l l i n d i v i d u a l conyormers involved i n averaging process. T h i s i s e q u a l l y true f o r polysaccharides , f o r w h i c h any experimentally measured p r o p e r t y w i l l r e p r e s e n t an averaged u a n t i t y over n e c e s s a r i l y r e f l e c t t h e p r o p e r t y of most probable s t a t e o n l y , provided t h a t o t h e r s t a t e s a r e a v a i l a b l e . From an experimental p o i n t o f view, the range of techniques o f t e n play a complementary r o l e i n t h e e l u c i d a t i o n o f polysaccharide s o l u t i o n conformation ( r e f . 21) a T h u s , t o i n t e r p r e t t h e experimental d a t a i n s o l u t i o n i t i s always necessary t o have a nodcl based on t h e methods a v a i l a b l e f o r t h e c a l c u l a t i o n of molecular e n e r g i e s i n t h e d i f f e r e n t environments. F o r t u n a t e l y , t h e powerful techniques f o r c a l c u l a t i n g t h e s e e n e r g i e s have evolved o v e r t h e p a s t two decades. a l l conformational s t a t e s of t h a t polymeric c h a i n , and t h e r e 9 o r e w i l l not
Theoretical methods of conformational analysis
Methods o f the t h e o r e t i c a l conformational a n a l y s i s can be c l a s s i f i e d i n s e v e r a l ways, W e have chosen a s most i l l u s t r a t i v e t h e one shown i n F i g . 1 ( r e f , 22). The d i r e c t methods a r e based on c a l c u l a t i o n s of t h e t o t a l energy of t h e molecule E t o t w h i c h i s minimized w i t h respect t o a l l o r t o some o f t h e s t r u c t u r a l parameters. I n i n d i r e c t methods, on t h e o t h e r hand, c o n c l u s i o n s a r e d r m n from the a n a l y s i s of d i p o l e moments, d i f f e r e n t types of s p e c t r a , etc. I n t h i s p a r t of t h e present paper we s h a l l devote o u r a t t e n t i o n e x c l u s i v e l y t o d i r e c t methods.
The a p p l i c a t i o n o f d i r e c t methods t o c o n f o r m a t i o n a l a n a l y s i s o f saccharides i m p l i e s two q u e s t i o n s : 1 . How does one account f o r t h e dependence o f Etot on t h e s t r u c t u r a l 2. How does one c a r r y o u t t h e m i n i m i z a t i o n o f t h e Etot ? pa rame t e r s ? 
The use o f two o r more t h e o r e t i c a l schemes i n e s t i m a t i n t h e t o t a l energy i s t y p i c a l f o r a non-uniform methods. I n general, t h e t o t a f energy i s s p l i t i n t o t h e energy o f non-bonded i n t e r a c t i o n , Enb, and t h e remaining
C l a s s i f i c a t i o n o f t h e o r e t i c a l methods o f c o n f o r m a t i o n a l a n a l y s i s .
Classical methods
The non-uniform c l a s s i c a l methods which o r i g i n a t e d from v i b r a t i o n a l spectroscopy have now matured i n t o f o r c e f i e l d o r m o l e c u l a r mechanics methods (see e.q. R e f . 23-25). They have i n c l u d e d s p e c i f i c terms f o r p e r t u r b a t i o n s i n m o l e c u l a r geometry and t h e t o t a l molecular energy can be w r i t t e n as where t h e term V i s d e f i n e d i n terms o f t h e same g e o m e t r i c a l parameters discussed a t t h e b e g i n i n g o f t h i s paper. The choice o f a n a l y t i c a l forms f o r the f o r c e f i e l d , t h e d e t e r m i n a t i o n f o r c e f i e l d c o n s t a n t s and t h e t r a n s f e r a b i l i t y o f f o r c e f i e l d s and t h e i r c o n s t a n t s among d i f f e r e n t chemical systems a r e s u b j e c t o f c o n s i d e r a b l e i n t e r e s t and research, p a r t i c u l a r l y f o r systems w i t h heteroatoms. D i f f e r e n t k i n d s o f c a l c u l a t i o n s based on these models were a p p l i e d t o saccharides, from a simple one assuming o n l y non-bonded i n t e r a c t i o n s t e r m t o t h e f u l l f o r c e f i e l d method; and these a r e w e l l documented elsewhere ( r e f , 21-30). Here we o u t l i n e o n l y o f some o f t h e more p o p u l a r approaches i n a saccharide f i e l d i n o r d e r t o d i s c u s s b r i e f l y t h e i r performance i n t h e i n v e s t i g a t i o n o f m o l e c u l a r conformations.
P o t e n t i a l -f u n c t i o n c a l c u l a t i o n s . A roup o f c l a s s i c a l methods which a r e usua name p o t e n t a u n c t i o n c a f c u l a t i o n s (PF) i s c h a r a c t e r i z e d by t h e i n c o i i x e t e edstimatio; i f f V term and t h e incomplete m i n i m i z a t i o n o f t h e t o t a l energi. The Etot o f a saccharide molecules i s ' m i n i m i z e d o n l y w i t h r e s p e c t t o t o r s i o n angles, u s u a l l y t o those d e f i n i n g t h e r e l a t i v e o r i e n t a t i o n s o f g l y c o s i d i c a l l y l i n k e d aglycon r e l a t i v e t o t h e monosaccharide u n i t . The i n t r a m o l e c u l a r energy term V r e p r e s e n t s t h e summation o f c o n t r i b u t i o n s f rom e l e c t r o s t a t i c i n t e r a c t i o n s , t o r s i o n term, and hydrogen bondin . These c o n t r i b u t i o n s a r e expressed w i t h t h e s u i t a b l e e m p i r i c a l formufae.
Procedures d i f f e r m a i n l y i n t h e way o f e s t i m a t i n g V, and t h e c o n t r i b u t i o n s t o V a r e s e l e c t e d d i f f e r e n t l y by d i f f e r e n t a u t h o r s A t y p i c a l expression f o r non-bonded i n t e r a c t i o n s Enb c o n s i s t o f two p a r t s . One p a r t g i v e t h e r e u l s i o n energy o f two atoms a t s m a l l d i s t a n c e s ; t h e o t h e r l e a d s t o a weaE a t t r a c t i o n a t l a r g e distances. U s u a l l y one o f t h e f o l l o w i n g two formulas i s used:
t h e Lenard-Jones ; Enb(rij) = o r t h e Buckingham ; Enb(rij) i n which l e t t e r e d c o n s t a n t s a r e 
t e l y t h e a t t r a c t i v e f o r c e s between atoms. Moreover, i t operates a t an a l l o r n o t h i n g l e v e l , i t does n o t g i v e any i n f o r m a t i o n about t h e p o s i t i o n o f the energy minimat i , e . about t h e
p r e f e r r e d conformation.
Various f o r m u l a t i o n s o f t h e p o t e n t i a l -f u n c t i o n c a l c u l a t i o n s have been used
s u c c e s s f u l l y , ( s e e e.g. r e f . 26-38) 
, p a r t i c u l a r l y i n c o n j u c t i o n s w i t h X-ray d i f f r a c t i o n s t u d i e s ( r e f . 28-34). Much o f t h e success o f t h i s approach i s because van d e r Waals i n t e r a c t i o n s have a dominant i n f l u e n c e on t h e conformations o f many o l i g o -and polysaccharides, and i t i s r e l a t i v e 1 1 easy t o rank conformation i n o r d e r o f i n c r e a s i n g o r decreasing van d e r Jaa s
r e p u l s i o n . However , numerous a t tempts t o c a l c u l a t e con f o r m a t i o n a l e n e r g i e s more q u a n t i
t a t i v e l y have shown t h a t t h e d i r e c t a p p l i c a t i o n o f t h e p o t e n t i a l f u n c t i o n methods (which had been developed p r i m a r i l y f o r n o n p o l a r molecules) t o saccharides r e q u i r e m o d i f i c a t i o n o f t h e method w i t h p a r t i c u l a r t o p r o p e r l y a c c o u n t i n g f o r t h e anomeric and exo-anomeric e f f e c t s ( r e f . 9).
Quantum mechanical s t u d i e s o f t h e model compounds were i n s t r u m e n t a l i n i m p r o v i n g t h e PF method. I t 
was e v i d e n t from t h e c a l c u l a t i o n s o f t o r s i o n a l e n e r g e t i c s o f a c e t a l s ( r e f . 39) t h a t t h e PF procedure must be m o d i f i e d by t h e p r o p e r i n c o r p o r a t i o n o f t h e l o n e -p a i r e l e c t r o n s i n t o c a l c u l a t i o n o f i n t r a m o l e c u l a r energ . The l o n e -p a i r s b r i n g about t h e a n i s o t r o p y o f e l e c t r o n d i s t r i b u t i o n i n a molecule such t h a t t h e m a j o r i t y of the charge d e n s i t y is l o c a l i z e d i n t h e i r d i r e c t i o n . One may r e g a r d t h e l o n e -p a i r s as pseudoatoms w i t h a s i z e and d i p o l e moment and i n c o r p o r a t e them i n t o t h e PF scheme. A s i m p l e PF method was s u c c e s s f u l l y m o d i f i e d ( r e f . 39) i n t h i s way, by i n c o r p o r a t i o n o f t h e l o n e -p a i r d i p o l e s i n t h e c a l c u l a t i o n o f e l e c t r o s t a t i c
term.
An a l t e r n a t i v e way o f t h e a d a p t i n g t h e PF c o m p u t a t i o n a l scheme t o molecules i s t h e sum o f van d e r Waals r a d i i o f i n t e r a c t i n g atoms. I n t h i s i j e x h i b i t i n g t h e exo-anomeric e f f e c t c o n s i s t s o f t h e a d d i t i o n o f a p r o p e r , p r e f e r a b l y simple, p o t e n t i a l term. I n o t h e r words, an a t t e m p t i s made i n t h i s approach t o e s t a b l i s h t h e e x t r a energy term Eexo beforehand, and theln t o i n c o r p o r a t e i t i n t o t h e PF method. I n one o f t h e f i r s t t r i a l s , non-bonded
i n t e r a c t i o n s ( s e r v i n g as an e x t r a e n e r y term) were combined ( r e f . 40) w i t h t h e ab i n i t i o 4-31G t o r s i o n a l p o t e n t i a ! ( r e f . 41), which corresponds t o t h e m o t i o n l e s s a t e a t z e r o a b s o l u t e temperature, o f dimethoxymethane. I n t h a t procedure some i n t e r a c t i o n s were e v i d e n t l y counted t w i c e , and t h e c o r r e c t e d approach known as HSEA (Hard Sphere Exo-Anomeric) was suggested ( r e f . 42) where t h e e x t r a energy Eexo i s expressed a s a s i m p l e f u n c t i o n o f t h e t o r s i o n a l a n g l e f o r each anomer s e p a r a t e l y . However, t h e a d o p t i o n o f t h e a c y c l i c rnolecule as a model f o r d e r i v a t i o n o f Eex0 i n t r o d u c e s an a r t i f i c i a l c h a r a c t e r t o HSEA method from a p h y s i c a l v i e w p o i n t , s i n c e t h e model i s s y m m e t r i c a l about 180 '. I n s p i t e o f t h i s , t h e HSEA method was used i n a number o f s t u d i e s ( r e f . 43). A d i f f e r e n t a p p r o x i m a t i o n t o t h e exo-anomeric energy term ( r e f . 44) was developed from m o l e c u l a r o r b i t a l (F.10) c a l c u l a t i o n s from c y c l i c models a s t h e d i f f e r e n c e between t h e t o r s i o n a l p o t e n t i a l o f 2-methoxytet rahyd r o p y r a n and t h a t o f 2-e t h y l t e t rahydropyran . The r e s u l t i n g d i f f e r e n t e x p r e s s i o n s f o r -and -anomers a s a f u n c t i o n o f t h e a n g l e , 
. I n s p e c t i o n o f t h e maps revealed t h e presence of s i x minima, Tho
HSEA method p r e d i c t more r e s t r i c t e d f l e x i b i l i t y than t h e o t h e r t h r e e methods.
T h e HSEA method shows o n l y two minima i n t h e two deep narrow w e l l s , c e n t r e d a t -6 0 ' and +50°. A l l o t h e r conformers have s i g n i f i c a n t l y h i g h e r e n e r g i e s The a n a l y s i s r e v e a l e d t h a t t h e shape of t h e conformational s u r f a c e and r e l a t i v e e n e r g i e s c a l c u l a t e d by t h e above methods depend t o g r e a t e x t e n t on t h e c h o i c e of molecular geometry. Moreover, t h e form of Eexo i n t h e HSEA method s t r o n g l y b i a s e s t h e c o n f o r m a t i o n a l e q u i l i b r i u m of o l i g o s a c c h a r i d e s towards t h e unique conformer i n t h e v i c i n i t y of @ a t 6 0 ' o r -60°, whereas o t h e r conformers a r e a t much h i g h e r e n e r g i e s . Although t h e o t h e r PF methods do not s u f f e r from t h e same l i m i t a t i o n they provide only q u a l i t a t The c u r r e n t p o p u l a r i t y of these methods a p p e a r s t o rest on t h e f a c t t h a t , t h e most of t h e inconveniences of PF c a l c u l a t i o n s , l i k e f i x e d bond l e n g t h s and bond a n g l e s , e i t h e r f r e e o r f r o z e n bond r o t a t i o n , and u n r e a l i s t i c a l l y hard c o n t a c t between non-bonded atoms, a r e removed. The MM methods a r e based on t h e same philosophy a s t h e PF method, i. 8 . a molecule i s c o n s i d e r e d a s a c o l l e c t i o n of atoms h e l d t o g e t h e r by t h e harmonic f o r c e s . These f o r c e s can be d e s c r i b e d by t h e p o t e n t i a l f u n c t i o n s of s t r u c t u r a l f e a t u r e s l i k e bond l e n g t h s , bond a n g l e s and so on. The combination o f t h e s e p o t e n t i a l f u n c t i o n s i s t h e f o r c e f i e l d . The energy of t h e molecule i n t h e f o r c e f i e l d a r i s e s from d e v i a t i o n from i d e a l s t r u c t u r a l f e a t u r e s and can be approximated by a sum of energy c o n t r i b u t i o n s
r e t c h i n g , a n g l e bending, and i n t e r n a l r o t a t i o n . T h e l a s t t h r e e terms a r e used t o d e s c r i b e t h e non-bonded i n t e r a c t i o n s , hydrogen bonding, and e l e c t r o s t a t i c i n t e r a c t i o n s t h a t i s t h e i n t e r a c t i o n s between t h e atoms w h i c h a r e not bonded. I f there were o t h e r i n t r a m o l e c u l a r mechanisms a f f e c t i n g the energy, s u c h a s o u t plane bending o r l o n e p a i r e l e c t r o n i n t e r a c t i o n s , they may be a l s o added t o t h e f o r c e f i e l d . The energy of molecule i s minimized w i t h r e s p e c t t o a l l o r some s t r u c t u r a l parameters.
Generally speaking, t h e r e a r e no s t r i c t rules i n d i c a t i n g how many o r what t y p e s of energy f u n c t i o n s should be used. Because of t h i s , many d i f f e r e n t molecular mechanics f o r c e f i e l d s have been developed ( r e f . 23-25). However, i t i s important t o recognize t h a t EtOt i s only a measure of i n t r a m o l e c u l a r s t r a i n r e l a t i v e t o a h y p o t h e t i c a l s i t u a t i o n . By i t s e l f E t o t has no p h y s i c a l meaning. I n a d d i t i o n , t h e component terms w i l l change depending on t h e i r form and t h e choice of parameters. The p a r a m e t r i z a t i o n of t h e f o r c e f i e l d r e l i e s h e a v i l y on experimental d a t a c o l l e c t e d over y e a r s , and j u d i c i o u s choice must be made i n s o r t i n g out good and bad d a t a because t h e r e l i a b i l i t y o f t h e method can be no b e t t e r than t h e d a t a used f o r parametrization. Force f i e l d s have been parametrized o r f i t t e d t o give e x c e l l e n t geometries, r e l a t i v e conformational e n e r g i e s , h e a t s of formation c r y s t a l packing arrangements, and even r e a c t i v i t i e s f o r d i f f e r e n t types of molecules -except s a c c h a r i d e s . The most probable reason f o r f a i l u r e i s t h e unusual conformational behaviour of s a c c h a r i d e s caused by t h e i n t e r a c t i o n of t h e lone e l e c t r o n p a i r s of t h e oxygen atoms, t h e consequence of w h i c h a r e t h e anomeric and exo-anomeric e f f e c t s . The anomeric and exo-anomeric e f f e c t s a r e p r i m a r i l y quantum mechanical, and they have no corresponding expression i n t h e c l a s s i c a l mechanics. Most r e c e n t l y , however , the f i r s t f o r c e f i e l d s f o r s a c c h a r i d e s have been c r e a t e d and a p p l i e d f o r mono-and o l i g o s a c c h a r i d e s .
The f i r s t f o r c e -f i e l d developed f o r s a c c h a r i d e s ( r e f . 23,24) d e s c r i b e d c o r r e c t l y t h e o v e r a l l s a c c h a r i d e s t r u c t u r e , b u t f a i l e d t o reproduce t h e changes i n geometry i n t h e v i c i n i t y of the anomeric carbon when c o n f i g u r a t i o n s of s u b s t i t u e n t s a r e changed. A s well a s , t h e i n c o r p o r a t i o n of lone p a i r s ( r e f . 7,25) i n t o molecular mechanics schemes M M 1 and M M 2 d i d not bring about t h e improvement i n the d e s c r i p t i o n of t h e anomeric c e n t e r geometry. The modification of M M 1 scheme ( r e f . 48) by t h e s e p a r a t e parameters f o r t h e r i n g oxy e n , g l y c o s i d i c oxygen and anomeric carbon, which moroover d i f f e r f o r a-and j-anomers i n t h e c a l c u l a t i o n of t h e energy terms, represented t h e f i r s t s u c c e s s f u l atter.,pt. Recent1 , t h e M M 2 method was amended i n a s i m i l a r wa v a r i o u s c o n i o r n e r s o f oYigosaccharides ( r e f . 30 '49). The computations demonstrated t h e a b i l i t y o f t h e method t o render t h e v a r i a t i o n s of d i s a c c h a r i d e geometry w i t h t h e changes i n conformation around t h e g l y c o s i d i c bonds. I n s p i t e o f t h e s u c c e s s , t h e described m o d i f i c a t i o n s a r e handicapped by t h e n e c e s s i t y o f an i n t r o d u c t i o n o f a d d i t i o n a l parameters t o an a l r e a d y l a r g e s e t of parameters, To avoid t h i s problem, t h e standard C-0 bonds l e n t h i n NM2 method has r e c e n t l y been expressed ( r e f . 50) a s a function of conformation of both of t h e c e n t r a l C-0 bonds i n a c e t a l segment. F u r t h e r t e s t i n g w i l l a s s e s s t h e merits and shortcomings of t h i s and o t h e r m o d i f i c a t i o n s of f o r c e f i e l d s . A f u l l reproduction of t h e anomeric and exo-enomeric e f f e c t s i n conformational e n e r g i e s and valence geometry of s a c c h a r i d e s i s an u l t i m a t e goal of t h i s e f o r t .
( r e f .
49) and used t o c a l c u l a t e t h e s t r u c t u r e of Uniform methods The quantum mechanical methods form t h e group of uniform methods. I n c o n t r a s t t o t h e c l a s s i c a l methods they a r e very much concerned w i t h t h e t h r e e dimensional d i s t r i b u t i o n of e l e c t r o n s around t h e n u c l e i . Today, t h e s i t u a t i o n i s considerably d i f f e r e n t from t h a t i n 1965, when i t was p o s s i b l e t o w r i t e i n an a u t h o r i t a t i v e book on conformational a n a l y s i s ( r e f . 51): "It i s f a i r t o s t a t e t h a t t h e quantum mechanical approach t o conformational problems has not y e t a s been very u s e f u l . I t i s t h e fundamentally c o r r e c t approach, however, i t w i l l probably pay o f f i n t h e long run". Y i t h t h e h e l p of high-speed e l e c t r o n i c computers and advances i n conceptual and computational techniques which allow quantum mechanics t o be a p p l i e d t o many systems o f chemical i n t e r e s t t h a t were b e f o r e though t o be i n a c c e s s i b l e t o quantum chemical s t u d i e s . W i t h n e g l e c t of r e l a t i v i s t i c e f f e c t s and w i t h i n t h e scope of t h e Born-Oppenheimer approximation t h e exact wave function and energy of t h e system a r e s o l u t i o n s of the Schroedinger equation ( r e f . 52,53). Based on t h e approximations used i n s o l v i n g t h e Schroedinger equation t h e uniform methods can be c l a s s i f i e d i n t o two groups: & i n i t i o o r non-empirical and semiempirical. Unlike the c l a s s i c a l methods, both groups of uniform methods are without ambiquity i n t h e underlying concepts. However, t h e choice of the method t o some e x t e n t depends upon t h e s i z e of the s t r u c t u r e t o be i n v e s t i g a t e d . Therefore t h e u t i l i t y o f ab i n i t i o quantum mechanical methods i s l i m i t e d because of t h e i r computation= -xity.
They o f t e n r e q u i r e a reduction i n t h e s i z e of molecule t o a s m a l l e r one of mana e a b l e p r o p o r t i o n s , Thus, s e v e r a l small a c y c l i c and c y c l i c molecuifes were used a s models f o r s t u d i e s on t h e s t r u c t u r a l segments of saccharides. 
C l a s s i f i c a t i o n of uniform methods and t h e b r i e f i n d i c a t i o n s of t h e i r a p p l i c a t i o n s t o s a c c h a r i d e s ,
Role of the environment
It i s important t o recognize t h a t most quantum mechanical and c l a s s i c a l schemes a r e designated t o t r e a t i s o l a t e d molecules. O m m i t i n g t h e environment from t h e c a l c u l a t i o n s amounts, i n some c a s e s , t o d e a l i n g w i t h only h a l f of t h e energy c o n t r i b u t i o n s of the complete system. F o r t u n a t e l y many of t h e b a s i c p r i n c i p l e s and models f o r t h e c a l c u l a t i o n of molecular e n e r g i e s a r e a l s o a p p l i c a b l e t o t h e c a l c u l a t i o n of l a t t i c e e n e r g e t i c s . I n p r i n c i p l e t h e extension of c l a s s i c a l approach from molecules t o c r y s t a l i s s t r a i g h t f o r w a r d . The b a s i c assumption i s t h a t t h e i n t r a m o l e c u l a r i n t e r a c t i o n s may be t r e a t e d a s t h e sum of atom...atom i n t e r a c t i o n s which, again a r e approximated by non-bonded i n t e r a c t i o n s , coulombic e l e c t r o s t a t i c term e t c . ( r e f . 58). For example, c r y s t a l l i n e polysaccharides u s u a l l y adopt a r e g u l a r h e l i c a l shape w h i c h i s s u b j e c t t o q u a n t i t a t i v e d e s c r i p t i o n i n terms of r e l a t i v e l y small number of l a t t i c e parameters and symmetry r e l a t i o n s h i p s . H e l i c a l shapes a r e t h u s easy t o d e s c r i b e , conceptually
simple, and, hence, f r e q u e n t l y adopted a s model i d e a l i z a t i o n s ( r e f . 12,13).
Much more complicated i s s i t u a t i o n i n s o l u t i o n and i n what follows we s h a l l focus more on t h i s s u b j e c t .
Solution. S e v e r a l d i f f e r e n t approaches have been suggested t o t h i s d i f f i c u l t problem ( r e f . 59). One p o s s i b l e way t o overcome p a r t of t h i s problem i s t o i n c l u d e a l i m i t e d number of s o l v e n t molecule i n t h e c a l c u l a t i o n . I n t h i s c a s e the system of t h e s o l u t e and a small number of solvent molecules is t r e a t e d a s a "supermolecule". T h e supermolecule approach may be u s e f u l it? determining t h e s p e c i f i c s o l v a t i o n s i t e s ( r e f . 60). However, f o r most p r o c e s s e s i n saccharide s o l u t i o n t h e o v e r a l l s o l v a t i o n energy r a t h e r than t h e optimal s o l v a t i o n s i t e s i s o f i n t e r e s t . I n f a c t , t h e s o l v a t i o n energy
can b e obtained only by a treatment which i n c l u d e s many s o l v e n t molecules ( r e f . 6 1 ) .
An a l t e r n a t i v e approach i s t o t r e a t t h e s o l v e n t as a d i e l e c t r i c continuum.
T h i s approach was based on t h e solvophobic model and was developed f o r s a c c h a r i d e s ( r e f . 62,63). I t w i l l be described b r i e f l y l a t e r . The continuum models a r e u s e f u l i n e s t i m a t i n conformational e n e r g i e s of p o l a r molecules.
However they a r e of l i m i t e d v a f i d i t y f o r t h e q u a n t i t a t i v e treatment of i o n i c r e a c t i o n s and f o r s t u d i e s of t h e balance of i n t e r a c t i o n s between t h e s o l u t e -s o l u t e and s o l u t e -s o l v e n t .
A c o m b i n a t i o n o f supermolecule and continuum approaches has been r e p o r t e d r e c e n t l y ( r e f . 64). P r o b a b l y u l t i m a t e approach f o r s t u d y i n g s o l v e n t e f f e c t w i l l be t h e b r u t e f o r c e method o f computer s i m u l a t i o n o f t h e g i v e n s o l u t i o n . T h i s can be based e i t h e r on Monte C a r l o o r m o l e c u l a r dynamics c a l c u l a t i o n s i n c l u d i n g e x p l i c i t l y t h e s o l u t e and many s o l v e n t molecules. However, t h e r e do n o t seem t o be s u i t a b l e p o t e n t i a l f u n c t i o n s f o r c a l c u l a t i n g t h e p o t e n t i a l energy o f s a c c h a r i d e s i n d i f f e r e n t s o l v e n t .
The method o f free-energ c a l c u l a t i o n o f i n d i v i d u a l conformers i n d i l u t e s o l u t i o n has been d e s c r i g e d i n d e t a i l i n o u r p r e v i o u s p a p e r ( r e f . 62,63) and
t e n as
The c a l c u l a t i o n o f t h e c a v i t y term i s based on an e x p r e s s i o n t a k e n from t h e S c a l e d P a r t i c l e Theory, which has been s u c c e s s f u l l y used i n s 
t u d i e s o f t h e thermodynamic p r o p e r t i e s o f aqueous and nonaqueous s o 4 u t i o n s ( r e f . 65). The e l e c t r o s t a t i c term i s c a l c u l a t e d a c c o r d i n g t o Onsager s t h e o r y o f t h e r e a c t i o n f i e l d as a p p l i e d by Abraham and B r e t s c h n e i d e r ( r e f . 66). The d i s p e r s i o n i n t e r a c t i o n s t a k e i n t o account b o t h a t t r a c t i v e and r e p u l s i v e nonbonded i n t e r a c t i o n , a c o m b i n a t i o n o f t h e London d i s p e r s i o n e q u a t i o n and Born-type repulsionu:::?. 62). E x p r e s s i o n s f o r t h e i n d i v i d u a l terms o f t h e s o l v a t i o n free-energy f u n c t i o n have been g i v e n , t o g e t h e r w i t h a l l necessary s o l v e n t parameters i n o u r p r e v i o u s papers
EXAMPLES OF CONFORMATIONAL ANALYSIS IN OLIGOSACCHARIDES SOLUTIONS
A fundamental q u e s t i o n w h i c h o f t e n a r i s e s w i t h regard conformational p r o p e r t i e s of o l i g o s a c c h a r i d e s i n s o l u t i o n i s t h a t of d e f i n i n g a mixture of conformations whose r e l a t i v e o p u l a t i o n s , a r e s u i t a b l e f o r i n t e r p r e t i n g t h e s o l u t i o n p r o p e r t i e s of t h e mofecule. We have shown t h a t t h e computational techniques have matured i n t h e l a s t decade t o t h e p o i n t where they can provide r a t h e r r e l i a b l e information on molecular e n e r g e t i c s of s a c c h a r i d e s , e s p e c i a l l y when one i s concerned w i t h e n e r g e t i c d i f f e r e n c e s i n molecular conformations r a t h e r than i n t h e a b s o l u t e energ of any p a r t i c u l a r conformations and o u r confidence i n p r e d i c t i n g them by u s i n t h e combination conformation. I n t h i s s e c t i o n w e c i t e two examp Y e s , t r e h a l o s e and methyl of t h e NMR and computational techniques a r e now q u i t e well-3 ounded.
-xylobioside , i n o r d e r t o demonstrate t h a t our knowledge of expected Trehalose. The i n c e n t i v e f o r determining t h e s o l u t i o n behaviour of t h e t r e h a l o s e was t o compare t h e o r i e n t a t i o n a l p r o p e r t i e s around a g l y c o s i d i c l i n k a g e i n three d i f f e r e n t o r i e n t a t i o n s of t h e C-0-C-0-C-0-C segment , and t o a i d i n understanding of anomeric and exo-anomeric e f f e c t s . Trehalose i s t h e g e n e r a l name given t o a family of t h r e e D-glucosyl D-glucosides , nonreducing d i s a c c h a r i d e s namely , a,U-; alp-and &p-. Conformational p r o p e r t i e s of t h e t rehaloses, were s t u d i e d by using 2-( t e t rahydropyran-2-yloxy) t e t rahydropyran (2) a s a model. The d e t a i l e s of t h e c a l c u l a t i o n s a r e d e s c r i b e d i n t h e o y i g i n a l paper ( r e f . 49).
The F i g . 4a shows (@,@'I conformational energ maps f o r an i s o l a t e d molecule maps demonstrate how both t h e exo-anomeric e f f e c t and s t e r i c i n t e r a c t i o n s between t h e p ranoid-ring atoms i n f l u e n c e t h e r o t a t i o n around t h e g l y c o s i d i c C-0 bonds. OnYy a small percentage of t h e conf rmational space l i e s w i t h i n t h e 20 IcJ/mol region. An i n s p e c t i o n of t h e (@,a; maps r e v e a l s t h e e x i s t e n c e molecule and a aqueous s o l u t i o n thereof a r e given i n F i g . 4. It i s evident from comparison of t h e gab maps w i t h t h e 2aa maps t h a t t h e change i n t h e anomeric c o n f i g u r a t i o n a t one anomeric carbon atom broadens t h e a r e a enclosed by t h e contour 20 ItJ/mol. The r o t a t i o n around t h e e q u a t o r i a l l y o r i e n t e d C-1'-0-1 bond i s less hindered than t h a t about t h e a x i a l l y o r i e n t e d I n s o l u t i o n , t h e abundance of t h e (sc,-sc) conformer d e c r e a s e s a s t h e p o l a r i t y of t h e s o l v e n t i n c r e a s e s , w i t h t h e lowest v a l u e of 3 3 : ; i n water. I n c o n t r a s t , t h e abundance of t h e (ap,-sc) conformer i n c r e a s e s t o 58% i n water. The p o p u l a t i o n s of o t h e r two change only l i t t l e . The s o l v e n t e f f e c t i s most pronounced i n water. Whereas, i n o t h e r s o l v e n t s , (sc.-sc) i s t h e p r i n c i p a l conformer, i n aqueous s o l u t i o n (ap,-sc) i s p r e d i c t e d t o be t h e p r i n c i p a l s p e c i e s .
The c a l c u l a t e d two-dimensional maps f o r P,&form of t h e 1 . ( g b b ) , given i n F i g . 4 c o n t a i n s i x l o c a l minima (-sc ,-scj , (-sc , S C ) , ( .sc ,ap) , ( s c ,-sc) , ( S C~S C ) , and ( a p , -s c ) . The lowest minimum (-sc,-sc) appeared a t @ = -58. 6 and @ ' a -59.0°, and i t h a s C2 symmetry, a s w e l l a s t h e ( s c , s c ) conformer (34.6, 34.6) w i t h 6.8 kJ/mol h i g h e r energy. The conformer and o f t h e s y m m e t r i c a l 1 r e l a t e d (-sc,sc) (-39.3, 59 .0) conformer, r e l a t i v e t o (-sc,-sc), i s 4.3 lJ/mol. The l a s t two s y m m e t r i c a l conformers, (-33.4, 60.8) and (60.8, -33.4 ) , a r e s i t u a t e d a t 7.8 itJ/mol above t h e a b s o l u t e minimum i s determined by t h e c o n f i g u r a t i o n o f t h e anomer; f o r t h e a-anomer ( o r i n t h e a x i a l form) t h e o r i e n t a t i o n i s sc; f o r t h e P-anomer ( o r an e q u a t o r i a l form) t h e o r i e n t a t i o n i s ap. The shape o f t h e energy c u r v e f o r t h e r o t a t i o n around t h e C-1-0-1 o r C-1*-0-1' bond resembles t h a t i n t h e a x i a l and e q u a t o r i a l forms o f 2-methoxytetrahydropyran ( r e f . 44) .
The c a l c u l a t i o n s o f t h e 2-methoxytetrah d r o p y r a n r e v e a l e d t h e e x i s t e n c e o f two minima f o r r o t a t i o n around t h e a x i a l l y o r i e n t e d C-1-0-1 bond, and t h r e e minima f o r t h e e q u a t o r i a l l y o r i e n t e d C -1 -0 -1 bond. On t h e o t h e r hand, i n t h e -2, t h e o r i e n t a t i o n around t h e C71-O-1 o r C-l*-O-1 bond i n f l u e n c e s t h e r o t a t i o n about t h e a d j a c e n t C -1 -0-1 o r C-1-0-1 bond. T h e r e f o r e , we have found o n l y t h r e e minima f o r 2aa, f o u r f o r sab, and s i x f o r zbb. c a l c u x a t i o n s w i t h s o l v e n t e f f e c t e v a l u a t i o n has been c o r r e l a t e d w i t h measurements o f i n t e r g l y c o s i d i c v i c i n a l c o u p l i n g c o n s t a n t s -u s i n g new s e l e c t i v e two-dimensional NMR t e c h n i q u e s ( r e f . 7 2 ) . I n t e r e s t was focused on t h e s t u d y o f i n f l u e n c e o f t h e s o l v e n t and t h e temperature upon t h e p o p u l a t i o n o f i n d i v i d u a l conformers.
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H e t e r o n u c l e a r i n t e r g l y c o s i d i c c o u p l i n g c o n s t a n t s J@ a r e i n w a t e r r e l a t i v e l y c o n s t a n t between 278 I< and 318 I< i v a l u e s a r e w i h i n an i n t e r v a l 4.6 Hz -4.9 Hz. W i t h i n c r e a s i n g temperature ( u p t o 358 I< J' d e c r e a s e s t o 4.4 Hz and 4.1 Hz r e s p e c t i v e l y . More e v i d e n t dependence was d e t e c t e d i n an a r r a y of atoms corresponding t o t h e d i h e d r a l a n g l e q , 3'. Values ranged from 5.6 Hz a t 278 I< t o 4.2 Hz a t 358 K. S i m i l a r t r e n d s were o b t a i n e d i n methanol i J v was c o n s t a n t a t low t e m p e r a t u r e s (5.3 -5.0 Hz) , s m a l l e r v a l u e s were o b t a i n e d a t 298 I< and 318 I<. The dependence of 3' was a l s o monotonic. The coupling c o n s t a n t s d e c r e a s e from 5.8 Hz a t 238 K t o 4.5 Hz a t 318 K.
Coupling c o n s t a n t s o b t a i n e d i n dimethyl s u l f o x i d e i n d i c a t e t h a t t h i s s o l v e n t has a d i f f e r e n t e f f e c t on c o n f o r m a t i o n a l e q u i l i b r i a of & i n Comparison t o p r e v i o u s s o l v e n t s , Coupling J @ a n d J y a t 298 I< a r e 5.7 Hz and 5.6 Hz, r e s p e c t i v e l y i . e . about 1 Hz l a r g e r than i n w a t e r o r methanol, a t t h e same temperature, The t e m p e r a t u r e dependence i s not s o pronounced , a maximal change of both c o u p l i n g s i s 0.6 Hz a t 80 de f e e s d i f f e r e n c e . H i t h regard t o t h e averaged c h a r a c t e r of t h e measured coupying c o n s t a n t s , we have employed PCILO c a l c u l a t i o n s f o r t h e q u a n t i t a t i v e i n t e r p r e t a t i o n of J' and 5 ' c o u p l i n g c o n s t a n t s i n NMR measurements. An i n s p e c t i o n of t h e (a,") map ( F i g . 6 ) . F o r , t h e i s o l a t e d molecule of & r e v e a l s t h e e x i s t e n c e of s i x a r e a s of t h e energy minima, These were used a s a s t a r t i n g p o i n t s f o r minimization. Then, based on c a l c u l a t e d c n e r g i e s t h e s t a t i s t i c a l weights f o r t h e c a l c u l a t i o n of ensemble averaged t o r s i o n a n g l e s (a) and ( P ) i n f o u r s o l v e n t were determined. The ensemble averaged c o u p l i n g c o n s t a n t (3') and (Jy)were c a l c u l a t e d by u s i n g determined Karplus-type e q u a t i o n w h i c h d o s c r i b e s conformational dependence of JCH in C-0-C-H segment of bonded atoms on d i h e d r a l a n g l e ( r e f . 7 3 ) . 
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The c a l c u l a t e d v a l u e s o f (J@) 3nd (Jy/) f o l l o w s t h e e x p e r i m e n t a l t r e n d s , at 25 d e g r e e s i n dioxane t h e v a l u e s a r e 2.7 Hz and 4.9 H t ; i n methanol 2.6 Hz and 4.8; i n dimethyl s u l f o x i d e 2.7 Hz and 4.8 Hz; and in w a t e r 2.8 Hz and 5.0 Hz, r e s p e c t i v e l y . T h u s t h e d i f f e r e n c e s i n conformer population of 1 i n the equilibrium mixture w i t h t h e change of temperature and s o l v e n t c o n z i t i o n observed by NMR measurement m i g h t be i n t e r p r e t e d w i t h tho h e l p of c a l c u l a t i o n s .
CONCLUDING REMARKS
We have shown how t h e o r e t i c a l con formational a n a l y s i s of s a c c h a r i d e s can y i e l d a g r e a t d e a l of information of i n t e r e s t t o chomist and biochemist concerned w i t h t h e s o l i d s t a t e and s o l u t i o n . I t provides t h e most d i r e c t means f o r examining d i f f e r e n c e s i n conformational behaviour of s a c c h a r i d e s which a r e influenced by t h e environment. A q u a n t i t a t i v e measure o f t h i s influence of t h e environment ( c r y s t a l , s o l u t i o n o r p r o t e i n ) may be obtained by computationally examining both t h e molecular and i n t e r m o l e c u l a r e n e r g e t i c s t o s o r t out t h e i n t e r a c t i o n s which b r i n g about t h e observed changes from one environment t o t h e next.
W h i l e computational techniques have reached now a s i g n i f i c a n t l e v e l of s o p h i s t i c a t i o n , t h e i r a p p l i c a b i l i t y t o a v a r i e t y of problems, t h e t r a n s f e r a b i l i t y of p o t e n t i a l forms, and t h e i r p r e d i c t i v e power a r e problems and c h a l l e n g e s which s t i l l remain.
T h e a p p l i c a t i o n of t h e s e techniques t o problems involving conformational complexities i s a symbiotic one: t h e techniques a r e required f o r t h e i n v e s t i g a t i o n of t h e problems and i n t h e i r s o l u t i o n one can d i s c o v e r t h e i r power and l i m i t a t i o n s .
The combination of experimental techniques and computational methods is one t h a t i s sure t o provide a g r e a t d e a l of information on t h e conformational complexities of oligo-and polysaccharides. 24 . I<. Rasmussen, P o t e n t i a l Eneray F u n c t i o n s i n Conformational Analysis, B r a n t , A n n . . Rev. Biophys. Bioen . 1, 369-408 (1972) .
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